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Thermal dissociation of photoproduced excitons at the uv band edge in NaI
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Recombination luminescence is stimulated with red-infrared light in NaI which has been exposed
previously to ultraviolet radiation in the low-energy tail of the fundamental absorption spectrum. This
stimulated luminescence was undetectable below approximately 65 K and was found to have an activation
energy of 0.06+0.01 eV. Evidence is presented which suggests the thermal dissociation of free excitons.

I. INTRODUCTION

When NaI is excited in its fundamental absorp-
tion region it exhibits intrinsic luminescence at
4.2 eV. ' This emission is associated with the
radiative annihilation of an electron and a self-
trapped hole (V» center). When the crystal is
irradiated at energies greater than the band gap,
electrons are elevated to the conduction band, and
holes relax into VE centers. The intrinsic emis-
sion results from the capture of the free electron
by the VE center. Excitation at energies below
the band gap produces a bound electron-hole pair
(free or proper exciton) which may relax into a
( V~+ e }state over a barrier whose activation en-
ergy is -0.015 eV. ' Meyers and Van Sciver re-
ported the production of isolated V~ centers at
temperatures ~78 K in Nai:10 'Cu resulting from
excitation in the low-energy tail of the first funda-
mental absorption band. ' This discovery resulted
from stimulated luminescence experiments where-
by red or infrared stimulation yielded intrinsic
luminescence after the crystal had been exposed to
ultraviolet light at energies below the band-gnp
energy. This stimulated luminescence appeared
as a narrow band in the low-energy tail of the
fundamental absorption spectrum. A model was
suggested which was based on the Cu' impurity
acting as a "catalyst" for the production of these
free electrons and holes. The work described
here reports stimulated-luminescence results
over an extended temperature range and on copper-
free NaI.
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from the deuterium lamp after passing through a
monochromator with a 1.7 nm bandpass. When
the desired pre-exposure time is reached, the
shutter between the monochromator and the
deuterium lamp is closed. The crystal then re-
mains in the dark for a period of time referred to
as the "dark time. " The shutter in front of the
tungsten-halogen lamp is then opened, flooding the
sample with light which has passed through a filter
transmitting light of wavelength A. & 650 nm. The
luminescence stimulated in this manner appears
as a short-lived spike on a strip-chart recorder.
Information on the time dependence of this spike
is limited by the response time of the recording
apparatus (=0. 5 sec).

The data reported here were taken on NaI sam-
ples obtained from two different sources. One
set of samples was from the Harshaw Chemical
Company (referred to as sample I). These crys-
t3ls were cleaved from the identical block used
in Ref. 3. A second set of samples was of high

II. EXPERIMENTAL PROCEDURE

The arrangement of the apparatus is shown in
Fig. 1. The sample is pre-exposed to uv light
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FIG. 1. Exper'imental. arrangement.
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purity prepared from zone=refined material at the
University of Utah (sample II). Sample I was de-
termined to contain -8 && 10 ' molar fraction copper
and W. 2 F10 ' molar fraction thallium. No cop-
per or tha, ilium was found in sample II, which
means &10 ' molar fraction. (Sample II was
found to have an emission band at 425 nm. This
emission, although close to the Tl emission, was
not excited by the characteristic Tl excitation
bands. The emission is probably due to some de-
fect in the crystal. )

III. RESULTS AND DISCUSSION
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A pre-exposure spectrum is obtained by mea. -
suring the stimulated luminescence as a function
of the exciting pre-exposure photon energy while
keeping both the dark time and the pre-exposure
time constant. The pre-exposure spectra for the
4.2 eV emission for sample I at 78K and 60K are
shown in Fig. 2. It can be seen that when the
crystal temperature is lowered sufficiently (below
-65 K) the low-energy band becomes undetectable.
The corresponding pre-exposure spectra of sam-
ple II yield similar results. These spectra are
given in Fig. 3.

By assuming a simple exponential dependence
of the stimulated luminescence intensity as a
function of temperature, i.e., I=J,e '~, the
a,ctivation energy for the low-energy band was
determined. The results are shown in Fig. 4.
Here a series of stimulated-emission spikes was
measured at a. given temperature. The data points
represent the avera. ge va, lue of these spikes. An

a,ctivation energy of e= 0.06+0.01 eV is obtained
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FIG. 3. Pre-exposure spectra for 4.2 eV emisssion
from sample II. (a) 78K, (b) 60K.

for both samples I and II.
The intrinsic stimulated luminescence results

from freeing a shallowly trapped electron with
red-infrared light. The freed electron then re-
combines radiatively with a V~ center, yielding
intrinsic luminescence. In the 80-95 K tempera. -
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FIG. 2. Pre-exposure. spectra for 4.2 eV emission
from sample I. (a) 78K (from Bef, 3), (b) 60K.
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FIG. 4. Intensity of the stimulated luminescence as a
function of reciprocal temperature. Pr'e-exposure at
5.57 eV. sample I, QQO sample II. Hepresenta-
tive error bars are indicated.
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ture range (Ref. 2), the stimulated intrinsic
luminescence decreased as a function of dark
time while impurity (Cu' and Tl') stimulated lu-
minescence increased in a complimentary man-
ner. It was shown that in this temperature re-
gion the V~ diffusion-limited activation energy
agrees with the activation energy for the diffusion
coefficient for V~ centers obtained by Popp and
Murray. Since the VE center is virtually immo-
bile below -60 K the stimulated luminescence is
expected to be independent of the dark time. The
results of a dark-time experiment at 40K are
shown in Fig. 5. Aside from a decrease in in-
tensity during the first few seconds, which&is

probably due to thermal ionization of shallowly
trapped electrons, the stimulated luminescence
intensity remains constant.

The pre-exposure spectra at 60K in Figs. 2

and 3 as they relate to the production of V~ centers
is understood. Here isolated V~ centers result
from a direct excitation of electrons into the con-
duction band. It should be noted that the threshold
energy for the stimulated luminescence in these
spectra corresponds to the band-gap energy for
NaI. The threshold thus found is in agreement
with the band gap as determined by photoconduc-
tivity measurements. '

Photon energies corresponding to the low-energy
tail of the fundamental absorption spectrum of NaI
are not sufficient to produce isolated VE centers
directly. The model mentioned in Ref. 3 suggests
that the relatively high electron affinity of Cu'
results in the lowering of the energy required to
form a VE center. This model seems to be incon-
sistent with the disappearance of the low-energy
stimulated-luminescence band at low tempera-
tures. In addition, Figs. 2 and 3 show that the
pre-exposure spectra for intrinsic -luminescence
on the copper-free samples (sample II) are con-

sistent with the spectra taken on samples contain-
ing copper (sample I). Furthermore, the activa-
tion energy for the low-energy band shows agree-
ment between samples I and II (Fig. 4). These
results not only question the role of Cu' in the low-
energy photoproduction of V~ centers but also
challenge the possible roleof any impurity-assisted
interaction. The responsible impurity would be
identical in both samples and in sufficient concen-
tration to cause the observed effect.

It has been shown that during its finite lifetime
the free exciton in the alkali halides can relax
into different self-trapped states. Potential bar-
riers have been determined for several of these
transitions. As already mentioned, the relaxation
of the exciton in NaI to the f V++ e ) state requires
overcoming a 0.015 eV barrier. ' This barrier
height is consistent with that found by Kuusmann
et al.' in their study of the edge luminescence in
NaI. Emission bands, in addition to the 4. 2 eV
band, have been observed in NaI. ' These emis-
sions are believed to be intrinsic and their be-
havior is analyzed based upon thermal transitions
of the free exciton to different self-trapped emis-
sion states. Further, in KI two exciton branching
modes have been reported. ' The theoretical con-
cept of exciton self-trapping and associated poten-
tial barriers has been discussed by others. '"
The analysis of the temperature dependence of the
intrinsic luminescence of NaI upon excitation in
the exciton region (Ref. 2) predicts that the lu-
minescence efficiency should peak at "LNT (liquid-
nitrogen temperature) or above. " Instead, the
peak occurs at -63K. It is in this temperature
region where the onset of the intrinsic stimulated
luminescence appears upon pre-exposure in the
exciton region. This behavior is shown in Fig. 6.
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FIG. 5. Intensity of the stimulated luminescence as a
function of dark time for sample II.

FIG. 6. Stimulated luminescence as a function of tem-
perature. 0 sample I, OOO sample II. (60 K point
was determined using e= 0.06 eV.)
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The results reported here suggest that a potential
barrier of 0.06 eV exists for thermal dissociation
of the free. exciton in Na, I.

thermally dissociated. The role of impurities
and/or defects appears to be primarily that of
providing shallow electron traps.

IV. CONCLUSION

Excitation in the low-energy tail of the first
fundamental absorption band may result in the
creation of free electrons and holes. The evidence
reported here suggests that this comes about by
first creating excitons which are subsequently
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